Abstract. Homogeneous isotropic cosmological models built in the framework of the Poincaré gauge theory of gravity based on general expression of gravitational Lagrangian with indefinite parameters are analyzed. Special points of cosmological solutions for flat cosmological models at asymptotics and conditions of their stability in dependence of indefinite parameters are found. Procedure of numerical integration of the system of gravitational equations at asymptotics is considered. Numerical solution for accelerating Universe without dark energy is obtained.
Introduction
One of the most principal achievements of observational cosmology is the discovery of the acceleration of cosmological expansion at present epoch. In order to explain accelerating cosmological expansion in the framework of General Relativity Theory (GR), the notion of dark energy (or quintessence) as some hypothetical kind of gravitating matter with negative pressure was introduced. Then the explanation of cosmological acceleration in the frame of GR leads to conclusion that approximately 70% of energy in our Universe is related to dark energy.
In the frame of standard ΛCDM -model the dark energy is associated with cosmological constant Λ, which is related to the vacuum energy density of matter fields. In terms of quantum field theory the vacuum energy density diverges and can be eliminated by means of renormalization procedure. At the same time the value of cosmological constant Λ, which is introduced into gravitational equations of GR manually, is very small and close to average energy density in the Universe at present epoch.
Another situation takes place in the framework of gravitation theory in the RiemannCartan spacetime U 4 -Poincaré gauge theory of gravity (PGTG) (see [1] and Refs herein). At first it should be noted that the PGTG is natural and in certain sense necessary generalization of metric gravitation theory by applying the local gauge invariance principle to gravitational interaction, if the Lorentz group is included into the gauge group which corresponds to gravitational interaction [2] [3] [4] [5] [6] . In the frame of PGTG the effective cosmological constant appears in cosmological equations by virtue of the most complicated structure of physical spacetime, notably by spacetime torsion [7, 8] . As it was shown in [8] , the physical spacetime in the vacuum (in absence of gravitating matter) in the frame of PGTG in general case has the structure of Riemann-Cartan continuum with de Sitter metrics, but not Minkowski spacetime. Corresponding results were obtained by analyzing isotropic cosmology built in the frame of PGTG based on general expression of gravitational Lagrangian L g including both a scalar curvature and invariants quadratic in the curvature and torsion tensors with indefinite parameters (see [1, 8] and Refs herein). 1 From the point of view of PGTG the effect of gravitational repulsion leading to accelerating cosmological expansion at present epoch has the vacuum origin and it is connected with the change of gravitational interaction provoked by spacetime torsion without any dark energy.
The principal change of gravitational interaction takes place also in the beginning of cosmological expansion, when the energy density ρ and pressure p have extremely high values: by virtue of existence of limiting energy density, close to which the gravitational interaction in the case of usual matter satisfying standard energy conditions is repulsive, isotropic cosmology is regular [9] . The regularity takes place not only with respect to energy density and metric characteristics (scale factor of Robertson-Walker metric, Hubble parameter with its time derivative), but also with respect to torsion and curvature functions [10] . It should be noted that indicated physical results were obtained by certain restrictions on indefinite parameters of gravitational Lagrangian L g (see below). Additional restrictions on indefinite parameters can be found by investigation presented below of cosmological models for accelerating Universe.
The present paper is devoted to analysis of homogeneous isotropic models (HIM) with two torsion functions with the purpose to obtain asymptotically stable solutions for accelerating Universe. At first in Section 2 the principal relations of isotropic cosmology built in the frame of PGTG and using in this paper are given.
Principal relations of isotropic cosmology in Riemann-Cartan spacetime
In the framework of PGTG the role of gravitational field variables play the tetrad h i µ and the Lorentz connection A ik µ ; corresponding field strengths are the torsion tensor S i µν and the curvature tensor F ik µν defined as
, where holonomic and anholonomic space-time coordinates are denoted by means of greek and latin indices respectively.
We will consider the PGTG based on gravitational Lagrangian given in the following general form
where 
, where h = det h i µ and L m is the Lagrangian of gravitating matter, contain the system of 16+24 equations corresponding to gravitational variables h i µ and A ik µ . By using minimal coupling of gravitational field with matter the sources of gravitational field in PGTG are the energy-momentum and spin momentum tensors.
In the framework of PGTG the dynamics of any HIM is described by means of three functions of time t: the scale factor of Robertson-Walker metrics R and two torsion functions S 1 and S 2 determining the curvature tensor. The system of gravitational equations of PGTG for HIM in considered case is reduced to 4 equations, which allow to obtain the generalization of Friedmann cosmological equations and equations for torsion functions [1, 8] . In general case these equations contain five indefinite parameters -two parameters connected with terms of L g quadratic in the torsion tensor (a = 2a 1 + a 2 + 3a 3 , b = a 2 − a 1 ) and three combinations of parameters f i :
Indefinite parameters have to obey some restrictions under physical and mathematical reasons. In accordance with [6] gravitational equations of PGTG based on gravitational Lagrangian (1) satisfy the correspondence principle with GR and lead in linear approximation in metric and torsion functions to Einstein gravitational equations, if the following conditions are satisfied:
(f > 0) and T is the trace of canonical energy-momentum tensor [11, 12] . The first two conditions are necessary to exclude higher derivatives of metrics from gravitational equations and the third condition in the form of inequality is valid for usual gravitating systems, if the parameter α having inverse dimension of energy density corresponds to extremely high energy densities. 2 In the frame of isotropic cosmology the condition a = 0 was used previously in order to exclude higher derivatives of the scale factor R from cosmological equations. 3 Then cosmological equations and equations for torsion functions contain four parameters: b and parameters (2.2), which appear in the following combinations:
. The investigation of physical and mathematical consequences of isotropic cosmology allows to obtain some restrictions on these parameters. If the value of α −1 corresponds to the scale of extremely high energy densities, the explanation of accelerating cosmological expansion at present epoch together with the effect of existence of limiting energy density lead to the following conditions [11, 12] 
For further analysis, we transform cosmological equations (Eqs (3.1)-(3.2) in Ref. [1] ) to dimensionless form by introducing dimensionless units for all variables and parameter b entering these equations and denoted by means of tilde:
where dimensionless Hubble parameterH is defined by usual wayH =R −1 dR dt . As result cosmological equations take the following dimensionless form, where the differentiation with respect to dimensionless timet is denoted by means of the prime and the sign of˜is omitted below:
4)
2 In the case of HIM with the only torsion function the value of α −1 determines the limiting energy density in the beginning of cosmological expansion at a bounce [13, 14] .
3 It should be noted that isotropic cosmology with a = 0 possesses some principal problems [15] .
. The torsion function S 1 (Eq. (3.3) in Ref. [1] ) in dimensionless form in equations (2.4)-(2.5) is
and dimensionless torsion function S 2 (Eq. (3.4) in Ref. [1] ) satisfies the following differential equation of the second order:
The conservation law for gravitating matter in dimensionless units has the usual form
Critical points analysis
The system of equations (2. 
where the matrix M 0 is
where F i (i = 1, 2, 3, 4) are the following functions of H, S 2 , U, ρ:
3)
4)
5)
and the function S 1 takes the form as
Critical points P i = P i (H c , S 2c , U c , ρ c ) of the first order system of differential equations (3.1) can be obtained by setting H ′ , S ′ 2 , S ′ 1 , ρ ′ to zero [19, 20] , i.e. by solving the following system of equations:
From (3.4) follows that U c = 0. In the case of considering flat model solutions of (3.8) have to satisfy (2.4) with k = 0. Obviously, the point P 0 with vanishing values of H c , S 2c , ρ c satisfies (3.8). Appropriate solution with vanishing S 2 -function at asymptotics appears at specific choice of parameters and does not have physical interest [8] . Analogously to GR this point is the point of complicated equilibrium. To analyze the stability of other critical points P (H c , S 2c , 0, ρ c ) satisfying (3.8) it is necessary to build linearized form of the system (3.1). Near the critical point the variables can be written in the form H = H c + ∆H, S 2 = S 2c + ∆S 2 , U = ∆U , ρ = ρ c + ∆ρ and the linearization of the system (3.1) takes the following relation
where the matrix M −1 0 is taken on the point P and the components of the matrix M 1 are given by
Stability of the point P is determined by the eigenvalues λ i of the matrix M If ρ c = 0 the system (3.8) is reduced to the system of two algebraic equations
where the functions S 1 and Z can be represented in the following form
and
Neglecting the case S 2 = 0 and by using (3.15) the system of equations (3.13)-(3.14) can be rewritten in the following form
Then Eqs.(3.16) -(3.17) allow to obtain the equation for S 2 in closed form: 18) and also the equation for H in closed form 
This solution was obtained initially in ref. [7] . The stability of the critical point
, 0, 0 can be analyzed analytically. The matrix M 0 and M 1 in this case according to their definition have the following form:
As result we obtain the characteristic polynomial (3.10) in the form Among various cosmological solutions of PGTG with stable asymptotics there are solutions which can correspond to observable Universe at present epoch. Such solutions we obtain by using the following restrictions on indefinite parameters: 0 < ε ≪ 1, 0 < 1 − b ≪ 1 and the parameter ω has to satisfy the condition 0 < ω < 4 [11, 12] . It should be noted that there are two different solutions at such restrictions on parameters, and only one of these solutions with small values of S 2 2 and H is physically acceptable [9] . 3. The torsion function S 2 and the Hubble parameter H at late-time approximation can be represented in the form
with some coefficients y 1 and y 2 . As the stable point is selected, then ρ tends to zero at t → +∞. Keeping linear terms in ρ the conservation law (2.8) can be written as Figures 2-3 show the characteristic behaviour of Hubble parameter H, torsion function S 2 , acceleration parameter q = R ′′ R/R ′ 2 and energy density of dust matter ρ for late-time phase of flat cosmological model. As one can see from Figure 3 for acceleration parameter, there was in the past the moment when q = 0 and the transition from deceleration to acceleration of cosmological expansion took place.
Obtained numerical solution for the Hubble parameter and energy density is close to that of standard ΛCDM -model. Certain distinction appears in the behaviour of acceleration parameter q because of its small oscillations which reduce by decreasing of parameter ε and disappear if ε = 0.
Conclusion
As follows from our analysis, isotropic cosmology built in the framework of the Poincaré gauge theory of gravity based on general expression of gravitational Lagrangian leads by certain restrictions on indefinite parameters to asymptotically stable cosmological solutions for flat homogeneous isotropic models filled by dust matter, which can describe the stage of accelerated cosmological expansion of the Universe at present epoch without any dark energy. The spacetime in asymptotics in obtained solutions has the structure of RiemannCartan continuum with de Sitter metrics and non-vanishing torsion that demonstrates the dynamical role of the physical vacuum in the frame of PGTG .
